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(57) [E«] 

OSNR (ft#»*KFJfc) SrHBEi-JBitlcJ: 0 , S« 

\t%%<0\^~ Kl O 2 coffin <h x ASEW^J 
SP1 0 4^f 3 (±l^jS^5e^3t*t ; g 1 i:J!i5*^ , 7 1 0 6T' 

i o 5K«to-rasfls**e>ii5. rroi§£-ir, g 
JMttLT, -titi»*E<0OSNR©tl£WJ£$Mffa*sfc 

1 0 5^SiJ^i^tb5. 




gm^&£> 

IWE#ra**ttK» *©«»»*iffJfc©jfe**ii J l»E* 
tfrE*ft*#Sfc, *©«**Htffit0>jMft*!&*lttE* 

T Ett -I" -5 SB 2 <o I2ti^a £ . 
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■5 tiimm.fr e> Hiftes? 2 oGHfsceu a nx ^ 5 a m 

3M5£, 

«*a«rEttsnTv^*j««[t«>aE»«r»au 

at LxW-tti-tzzfy iy77^tSti]¥iSi:« 

fit£E1SU 

20 WE*«#*fel=, 3H&«-C©ea§ia3*a*l»EH«T 
BHK I - * o fc £ * «>«-§-»IH?lt B STPStit £ U 
TE«U 

flirEfctt**©!-* 1»EE«£*tT^6ttffltta»e>lfflE 
EiiS'Jx-CV^*B«TI8«[4-e©*fl:(i«r*«A4: tt 

IME#«***I^ ttEJHiJSixfc#fll***o*»* 
b ** 5 0f ftlt t BuEEffi: 3 Jx-C V * 5 fcjfflftt £ <£>M# 

y i > 7 r ->-**£ LTgfflU 
30 B?E=&m-^3tSI-s miET'y ^>7rv'^fi(-*fJS-t ; 5 

[ffi**7] ||!#*5Xri6fcE*©IS«Xi*#ife"T» 
«rE«»3t^©IWEi«i*»l#©Sfil4» iSfSWCtT*? 

[«*«8] |f**5X»±6frE«w^SXI4^i£T- 
40 fcot, 

mfEff WHtlE i ^3t*l^ waaii, S««-CfT *> 

Itt*«9] »** 3 »S 8 oMix** 1 *I^E«l©K 
BftE#ft#-3fcS«)3fe««A»e.**50fteii[{ix HffE#<f 

[fl|3K« 1 0 ] 1 9 <£>f»r*i7)> 1 «lrE«w 

50 3geXtt^-&T-fcoT, 



3 

[0 00 1] 
[0 0 0 2] 

It£*0>i£ffl] Rfi5MH#l[ (WDM : Wave Divisiona 
1 Multiplex ) Jfefflft '>^TAflt -T-<T^f^5t^ 

[ooo3] s^. ^^^^(Diiffi^tr. eauaaotf 
[0004] ^(Dtzfr, mz-?mmw<D&m^yt<D~7v 
[0005] ±ia#«#*fBcoeafe«H4oiStt. sfiffii 

"C\ OSNR (Optical Signal toNoise Ratio:{f-^**t 
*t#it) > BER (Bit Error Rate: tfjy * 

[0006] 01 in, tsssawicssjts^y^^^r 

[0007] a***, ea6«M4Sr*afb"r*fc«>^, s 
ftfiijoo snr^- it-t sfiflf36s*pe>n-cv^s 0 :o 

usixs«-{t-s-3tra<^osNR<^fie>o#36^ 

[0 0 0 8] r^sg^ yyx>7r^^K3ESifC 
£\ -t*tt^»l£i-SS:«*^^<^ WH liOSNR^ff 

^*tlC"t-5gfi %7s^<9 h^2 JiOSNROtf lbo£/$5 

[00 0 9] 012 tt±tB«*a« ttattricB* 

la i 3(±ii]c<am«Bo«jKig-cfcSo 

[0010] £i\ H 1 2 Ic**ix6«ric«:«-r5iil« 
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[ooi i] aHfewi* l — ify^>f-K 

K5>f'< (LD DRIVER ) 12 0 1, U— |f^>T^— K 
(LD) 1 2 0 2, 7y s T*—9 (ATT ) 1 2 0 3. 
5 (CPL ) 1 2 0 4. tK* hT^*?* (POST AMP) 120 
5. 7* htfJ*— K (PD) 1 2 0 8S:Wt6o l"- if 

10 ^cit^f*, r^n-^ 1 2 0 3^t5^7>^^ 12 0 
4S:^tT^ hT^i 2 0 5lc:A;bU 

$H5 0 hr^-^i 2 o s^&m^stLfcfs-^-* 

tt, 7K K£^— K^W-x^V^ (AWG ) 1 
2 0 6 CiotM^H, ^7^7 1 207^ttei 

[0 0 12] H 1 2(C*$tt5«S^*3V^, *ft*3t 
fed, #:/x l 2 0 4"C*ft**©— SB^iSS-er&ix 
T7th^t-Kl 2 0 8tiOtlffiSh, ^O^tU 
3B*^CPU1 2 1 0i:A*$*bix5o — ^ AWG 
20 1 2 0 6^6fiaiKlC|i|^S*t5i^f«**^— «B* S * 
^7 1 20 7tf^lft$-ti:&ixT3t;^^^ h7A7t7^ 
if 1 2 0 9^A**ii:fe*L5o 3te*^ h7A7t7^ 

9 b, -t(OSfe*SrCPU l 2 l OlciifcrTSo CPUl 
2 1 0t±, ^\%^it%<D7^ bV4*- Kl 2 0 7<£>ffl 
h v-AT^xf if 1 2 0 9<z>W^i:t::S 
<5t,vt\ ^r\t^%%(DU— *f #4*— KK7>f^l 2 0 

laffTyf*-* 120 3Srffl»i-5 0 

[0 0 13] h i 3 [-^znzffi&z^-tz&in 

[ooi4] st«»-ctt, £i\ eaK^&swsna 

S««**f±, ^7^71301 ^ITAWG 13 0 2 

[0 0 15] SffSBf*, ^jggSlr. #«ftO«#*«r 
It 9 tU-Tfc46(D^^/U^ (FILTER) 1 3 0 3, ^^7^ 
>7>rf (INLINE AMP) 1 3 0 4. ^ftfetift^ T 

(DCF) 1 3 0 5, (0/E ) 1 3 0 6, 

W^»9ttWtnEia» (FEC ) 1 3 0 7, ftV««ff# 
5>BIIh]SS (DEMUX ) 1 3 0 8 ?:Wi"^o 
40 [0 0 16] Hi 3li«Six4«*-t*tt. tt*«Hf4:b 
T, Sftm**©-*^*^? 1 3 0 1-C»«[**&tt" 
XJb*^? h5^T"^7>f If 1 3 0 9 |:A^$^^ 
6 0 jft*s<? hX-AT^x-fif 1 3 0 9fi, #§ffifff 
3£<DOSNR£ffai]b, -^(D^m^CPU 1 3 1 Otcii 
*Q-r£o CPUl 3 10(1, f^Hf^»OSNR 

£o«f>o§^ -7v^>7Ti/x&tLxmm<Dmmm 
[0017] miw^rbx, n 1 2^^$tL5ti?^^* 

-*-5i5lfS«»t?tt. CPU12 10^±IE/y^>7 7 '> 

50 ^as:S{Hb, -t*t^s<5v^-c#fs-s-*feou— tf^-r 
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[0018] 

U #ff-9-3e:ra-C-OSNRO*jcaLT*&— fbSrfToT 

v^fc 0 — «fc7*-f ^^/i^eaticfcv^tt, ess 

*«^-*IB«)OSNR36SJ$— fbSttfci: L 
r <t una ft e>fta»ofc 0 

[0 0 19] Wh, eaSW5*iU"CI4ftflsWlCf4. B 

14(a) j; m -^-Tt i , 2, aw 3 rat? 

*lT L$v\ 5 tt: ft & ft v ^ £ v ^ o mm& 

[0020] «*i$«t?tt, asffiffloo^y^^ 

7^^*ftiLT, CPU12 10^, #|ff3t 

mc^ \s—W4*>- K K9>f/<1 2 0 1 srnsfti-rs;: 
irici w-F^V Kl 2 0 2 OW^y-SriffS 

[0 0 2 1] #3SWoBRJBfi* 014(b) l^^tiS J: 
ai««t?OSNRS:il«[-rari:fcJ:9, g{f{ffl 

ftiB{bSria5r.4:^fc5o 
[0 0 2 2] 

[0 0 2 3] *»W*>« 1 ©JMBtt* ElT^flMES:*-*- 
[0 0 2 4] *i\ **»W***iX*«-«#*:8^» 

[0025] ^roBH&irg-^-c, 
Jta* SEft; $ * b ft* . 

[0026] &mw(om 2 ©»iBtt, aTo«*sr*i- 

[0 0 2 7] jRft»W^S*ix«#«*36Slt, 

[0028] acuu *m#3t*i-» ^witfwitit© 
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[0029] *3§iPi©?g 3 (Dj^Sgli, ^T^PfigSrWi- 
*. 

[0 0 3 0] *i\ «*MMH#fi3iT,3S.tt##«K, 
[00 3 1] fcir, *««-^©eiSia9 

10 [0032] *«*3c»fc, a««-e©eanR9 
^a* b «TH*it *o fc 4 * ©«*#*tif jtoita* b m 

[0 0 3 3] #clc, #«*36*IC EttSiirv^SUJJW 

[0034] #ck, *«#**u=, »a**tfc*flr** 

20 [0 0 3 5] ^UT, ^-ff^-JtStr, ^!)iy7 7-^ 

[0036] rrt-, ±^«z>« ^-3fe— <n §£&ft$S#©£ 
[0037] i^w^wflffSicfc^T, #ff -5§-3teftw 

[0 0 3 8] ±ife<D|SIJl0>«J*l::*3V'»-C, ejgSftt)*tt 
[0 0 3 9] 

[0 0 4 0] 0lli*^K©*li£©JKffitr*3lt5j^{fgp 

H2l4Rt<a»»<o«lriJH"C*>5. 
[0041] iltfcV^, Iz-Wt-KK?^^ 
10 1, Kl 0 2, #7"7 10 3, 

h7>7*l 0 7, AWG 10 9, ? ir Kl 1 

40 0, *7"7l 1 1, SV^'<^b7Art7'ff 1 1 

2(i, tfi^ii. Hi 2lc**ix*f6*a«^*i»t4i 

2 0 1, 1202, 1204, 1205, 1206, 1 
2 0 8, 1 2 0 7, St/1 2 0 9©#SP^tl^C«tfig* 

[0 0 4 2] *fcH2lc33V^T, A7 , 7201, AWG 
202, 7-f/^203, -{>9^>7>Zf2 0 4, ^> 
7 ^^2 0 5> 2 0 7, ^^-HS 

•? ^ttitTiElHlSS 2 0 8, «ft«^ttlB]% 2 0 9, R 

3t^^<^ \-7 j*r-r*7-<*f 2 i 3J4, -tn^'niai 3^ 

50 ^$il5fie3l5ttWIC*sH-5 1 3 0 1 ~1 3 0 9 ©#gB# 
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[0 0 4 3] Hi 4(b) I^LtJ: o {c. #{f^{-o 
&m^%n\~. OSNR<D^btS«<BST^Q«[X 

ttBERo«{ti:<z)Hff^jmj*n. -t<z>*tms*KS 

tcfc -5 J: 9 \^&m^it(no S N R j&SSffc £ it r t 
[0 0 4 4] iofttfcwfcrtu BiXt«B2i::^£tLS 

S N R<Df@:£g2p{Ei: LT-tixi &&<D&m W<DO S N 

SNR^»«^±ffi3piSflnr/jr* «t 5K % 
aiWffll <£> o S N R icztt S 7 V > r V* HJEdSfrfe 
tb^o r<o«Mlp-?W\ ^fffflll^OSNRtDWiS 

{b*lc»i-5S««^Q«[XttBERoaEft*«:. #« 

-*§• it m x is t£ is — e fc s t * tt -c v ^ 5 e 
[0045] &{m\xQmtmj££thZ>m;&ta^ H2 

^•-^ (Q MON ) 2 1 0(^A^"T5r iri-J: 0 ^r^SiJ 

[0046] &mmxBERfrmmztiz>m&\a^ m 
2<D&^-m*)8imTjE\B\'m2 0 8£>a2jasB ensues 

[0047] ^ffftij<D^y ^>y r ->^K£-ctt. Hi 

ASEttJ*»l 04A»bUyj$tt5a*R*lt# (A 
SE : Amplified Spontaneous Emission) hifit)~f z 7 1 
0 6-C-a^£*U ^:^<t #cDg^3t^^ta^f^°!7-^ 
T vt*—9 1 0 5l:ioT$ft**f)Jl5o 
fc* hT>^l 0 7-C*«S* 

bn/c^id, Jfcffir«7 /U* 10 8 UAWG 1 0 

[0 0 4 8] ±IB»ffs«:3l«^5fcft0) J Rft«> 

[0049] *i\ ±ia»f^<o»ir«irov^-cttMi-*. 

[0050] OSNRft Sfcffir«E7 ^ 1 0 8 

»«^-r /u^ i o 8<offira~eas^six5o 

[0 0 5 1] U — 1fy-f*— Kl 0 2<©m^/'«l7— 



(5) 2000-183818 

8 

coffliES:tf9o ASEffl^SRl 0 4^bffl^)Jti5§?S 
Jt^^Hl*^^-^ A PC (a»^l7— fflW) 

^xmc-micmftzti. 4fc«fiwtii77yhtfc 
So f c pu i i 3(i. 7^- h^-r^-— Kno 
as&U-rsu— ify>f a-— Ki o 2©(U^7- <h, a 

<DW^!7 — £<0Jt<k IT, OSNR^SJifiE al Srg 
HJU b21ILT^< 0 CPUl 1 3*4. OSNR 

10 (D^<b*S4r. T y"T* — $ 1 0 5^liSfi<t LTlSttl't' 

So 

[0 0 5 2] H3I4, ±lE»f^Sr*S-r«fc»<7>**M 

[0 0 5 3] *i\ §ffgi$<£>CPU2 12 (13 2) 14. 
#«-f§-#Sfc:* Q^^2 10 (H2) ^LT^Q 

*^S:ffiot, O SNR<7>®^£:^^-r5 (**ry7Z 
20 0 1 ) o 

[0054] aiftSB^cpu 1 13 (mi) te. *fi-Jt- 

±fB^£g{f-r5 T 1 0 5(£ 

# L Tfg^-T S ^St «r Ji An S itT O S N R £r®'> S * 
S (^^^^3 0 2) 0 

[0 0 5 5] S««©CPU2 1 2(i N *(S-^*f*Jr x 
Q^^^2 1 OSr^bTSJ^^nSQfB^e^T^e 
(14(b) #R8) *"t»T^ofc^5*»*r*iJffi-5 (^^ 
0 3) c 

[ 0 0 5 6 ] #fB *5tfe^* !/^3 0 3(O«3l!5SN 
30 Sff^CPU2 12fl JiK^-r 0 1 

i 30 2 Wlbf^Srtt M LUfT-r So 

[0 0 5 7] »l±Oj;9iat, #m^St-, 04 
(b) fc«*ixaJ:5K. Slfi^BERXftQfi^Hi 

TPSffitc*-rs^x% 14(a) iC7j^^^s<t9(-> ans 

•l-elB^JtlcSSSns&tt**!* (ASE) tm9cm 

[0 0 5 8] ^m^t-o^T. 5/^3 0 3^]^ 
*YESi48t, 5{fSi5^)CPU2 l 2(i. i£ff£iUr 

40 *^frx- : t<nm*fim{&zm-f^ t 

^3 04) 0 

[0059] rmr^LT, m%U<nc pu ii3tt, 
TIS^-iiOAfiS^^tT-rS (^fy^3 0 5) Q 

[0 0 6 0] £i\ CPUl 13lt -g-JfcS^, -h 
OSNR(7)fftS:^ttE bl t* 
ffJhSii:. »C^Ct^ <t <9 O S N RO^bl© E x Sr % 
i: UT^W-TSo 

[00 6 1] 

[»1] E i =fi | E fll -E bl | 

50 JSfe{C N CPUl 1 314. ^m^i-o^T, illegal 
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5c 

E AVC = (E, +E 2 + • • - 4 

Mt,"T, CPU1 1 314, #m-§"3tS(-> foiZlZTji&iX 
5<fc9lC. &2^C«t«?»|4JLfc¥^E A vo 

<fc 9 Lfc«-ff ^-3tro O S N R <D&mm k<r>mt\, 
T v 7°y^>7T->^fiA E t ~AE„ zmtti-rz (ia 
5#RH) „ 
[00 6 3] 
[«3] 

A E 1 — E A VG Enl 
A E 2 = E AVG E B 2 

A En = E AVG E an 

CPU113[i, ^iS^rfftm^T y^r*—* 10 5C 

Ex -AE n Jc»J4?-r5*a*S:K*i-Sri:lcJ;5. 
#«-S-36<z>OSNR*s±ta¥lSffiEAvo fc*a.fc5fc:WJ 
(H6*RR) o 

[00 64] ^ttJEJLft^ C P U 1 1 3 M\ h 7 

MT 1-7 1 12 (01) <DM£}**~? U #ff^ 
S^OSNROfK^IEffi^EAVG ^>r — 

[0 0 6 5] E*-hOffi»S&fl=f4. ^^X^aiffl^V^oT* 
[0 0 6 6] m 7 (4, *5SW^>ffi<0*tt<0»lB^*5Jt S 

[0067] r ©«*t?r±, ±e**©jRi«t-*5^6H 

1 <z>sft sprto 10 4 — 106. at/ 1 0 8 <^#«fiB^S 

19, OSNR«W\ S«6Brt"eJ44<S(S«Brt"Cll 

[0 0 6 8] Z.(Dm&\^ 4{f#*^OSNR}fi^ 
7 2 0 lcom^SrA^i-rS**-^ h9-^T^5>f If 

2 l 3lcJ;o-C®J/££*u &m^ryt(D * 7—t>K 

2tr«fc.oTai£S^5o CPU2 12I1, #{f^3fc& 
lEOSNRi: fcT— — fcf::X<5^X\ 7'>f 

U &ff-§-7fcfe<7)OSNR$:pg-t-5o 
[0 0 6 9] [H2Xf4E!7cDQ^~^ 2 1 0 (DBUfWM 



* [0 0 6 2] 
[»2] 

* 

E n ) /n (n : \t^JtW) 

[0070] q^^^ 2 i o (4, <t -§-*srsswt -^kie 

— u— h*M7£-fZ>o -t ITQ^-^ 2 1 0 (4 X rco^ 
10 & Jx« 2 *(^)X7 - h **fcittlliff w t 

[0 0 7 1]^ fif©7>f/^->i:»lt»ti:OB 

-c\ Pi (x) , p 0 (x) ittti^tiT—fW. 

;h^xO#ffiO#tfcT% it^RMS«fbt 0 
[0 0 7 2] Q«Sr*SC"C5e«i-*-S. . 

20 [0 0 7 3] 
[*4] 

Q = | /i ! — /i o I / (a 0 + ai ) 

Qd B =: 20L0G lo ( I jui -//o | / ( a © + a ! ) } 

[0 0 7 4] ^#0<7>BER£, ^ > ax , at^D 
i (i&SUw^) 14. JKTOiBc«a:"Cll«ft»tbnao 
[0 0 7 5] 

[*5] Ux — D ! ) /a x = (X) *i= 1.192- 
0. 6681 X -0.0162 X 2 
30 X= LOGxo (BER) 

[0 0 7 6] 

[*6] (Dx -na ) /ao = <fr _1 (X) * 1.192- 
0.6681X-0.0162X 2 
X= L0G lo (BER) 

flfl, ^-<-^{HJ*2^;-roBER^St#-r5i:, BER 
o' > BERo*'-* BERx s BERi v Do % 
Do", D x ' , D"t ••^gCW^tbS. -lfj|P)^fc 

[0 0 7 7] 

[*7] o t = (D, "-D. ' ) / (Xi ' ) 

-tf- 1 (Xi ") } 

ID," <*>-* (X, ' ) -D, ' * 

- l (x, ") } / (X. ' ) (x, •") } 

o 0 = (Do ' -Do ") / {*"* (X 0 ' ) -* 
~ l (Xo ") } 

Ho = (Do " <t>~ 1 (Xo ' ) -D 0 ' « 
50 " l (Xo ") } / {♦"* (Xo ' ) (X„ ") } 
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[0 0 7 8] 

[@3] ht?& 

[134] a6{fflBOSNR<OBrS#iS:*i-H-<?*>5o 

[13 6] aft«m**^^y^^^r^K^s:*i-ia 

[0 7] **Wott(DSafe(0«J«Blc*j»tSg«*fS (*ft 

[0 8] T-f^-^t«l*»#oBBffH-e*>6. 

[0 9] fSfcBiJv-^^Sr^rSLfciS^OJ.^ — w - b£r^ 

[Hi 0] eiSS«Fffi«)*itSlRH^RMH-efc*. 

[Bun «*aflf^43*t5^y^>7T^"ieas« 



10 



12 

<7>SNR(0H«Sr^-*-ia-C*>5o 
[B!i2] «3feflE#«>ai««B<z)«rt:B-efc5. 
[013] «*«««>S«»o«*H-C*)S. 
[014] Qfit <eiS«ptt) *OSNRG>BiIB|-e*> 

So 

101 l/-f^^KK7-f^ 

102 if^-Y*— K 



10 3. 


10 6. 11 


1. 201. 206. 701 








10 4 


ASEW^gB 


10 5 






10 7 






10 8 


ws^y-o^* 


10 9. 


2 0 2 










110. 


7 0 2 




112. 


2 13 




113. 


2 12 


CPU 



20 2 0 3 
2 0 4 
2 0 5 
2 0 7 
2 0 8 
2 0 9 
2 10 
2 11 



y 4^9 

4>y4^T>~f 

^mmmyr-c^ 
«F#»5tfttafnEiaK 

Q 

BER»£8 



[04] 



OSNR 4>ir&W tJ$s? g[ 



( a ) T&fmM OSNR < b } Sffft! BER 




▲ 



FILTER <T>Xft ASE 
£fc*rf*$ FILTER Otii tt ASE 
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[01 J 



[121 1 0] 
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[H2] 



[126] 



CM 



CO 

o 

CM 



8 



8 

CM 



o 

CM 



o 

CM 



8 

CM 



O 



x 

Q 



Power 



CVJ 

cvr 



o 



CVJ 



o 
a? 



o 



~TT 

I Saw 

T i 



i 



11 A 1 



o 

Q 



ro 

CO 



o >» 
-*J C 

o 



o 

CVJ 

a 

?» 



o 
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[H3] 



START 



1. aktsm* osnr £i^<-t 

2. $flilSt?«B» Q ttarE-^L-CfcC, 



1 . ATT <PJg;$ft-¥»L-Cl^ OSNR £'J>£<LTl^<. 



/303 



No 




-301 



"302 



bits 



OSNR O^fcS^tf). OSNR *tDtt8iaizSr *ol~tfp^ 



OSNR OTjfeitS^JhL. OSNR S-flHSHEKM-T, 
1 . «-4i^ft<a OSNR £D X<)k*i(D3FK}f[|^ *db5, 0 
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AN APPARATUS AND METHOD FOR MAKING TRANSMISSION 
CHARACTERISTICS UNIFORM IN A WAVELENGTH DIVISION 
MULTIPLEXING OPTICAL COMMUNICATIONS SYSTEM 

Background of the Invention 
Field of the Invention 

The present invention relates to a wavelength 
division multiplexing optical communications 
technology, and more particularly to a technique for 
making transmission characteristics uniform for 
transmitting all optical signals with the same 
transmission characteristics. 

Description of the Related Art 

In a wavelength division multiplexing (WDM) 
optical communications system, transmitting all 
optical signals with the same transmission 
characteristics is referred to as optimization of 
transmission characteristics. In the wavelength 
division multiplexing optical communications system, 
as shown in Fig. 1, the deterioration of transmission 
characteristics occurs in a transmitter, a 
transmission line, and a receiver. Moreover, the 
deterioration conditions of transmission 
characteristics differ between optical signals. 
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Furthermore, when operating a system, the 
deterioration conditions of transmission 
characteristics are different between optical signals, 
due to various causes, such as the repair of an 
5 amplifier or a cable, which results from repairs 
conducted in a transmission section, and the 
deterioration of a fiber due to age. 

Therefore, pre-emphasis must always be set for 
each optical signal at the transmitting end, and. 
10 transmission characteristics must always be optimized 
at the receiving end. Note that pre-emphasis refers 
to controlling the power of each optical signal. 

The difference in transmission characteristics 
between optical signals can be observed at the 
15 receiving end, as differences in an OSNR (Optical 
Signal to Noise Ratio), BER (Bit Error Rate), or Q- 
value. 

Fig. 2 shows in the prior art the relation 
between pre-emphasis and an OSNR after transmission. 

20 Making an OSNR uniform at the receiving end so 

as to optimize transmission characteristics is a well- 
known technique in the prior art. In this technique, 
the OSNR difference between optical signals, which is 
calculated by monitoring the OSNR for each optical 

25 signal at the receiving end, is fed back to the 
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"transmitting end as a pre-emphasis value, thereby 
enabling pre-emphasis to be set at the transmitting 
end. Adjusting an OSNR by directly changing the 
output power of each optical signal is a general 
5 method for setting pre-emphasis. 

As a result, if. a ..transmit light spectrum 1, for 
which no pre-emphasis is set, is transmitted on a 
transmission line, the OSNR of a receive light 
spectrum 1, which corresponds to the transmit light 

10 spectrum 1, varies greatly. However, if a transmit 
light spectrum 2, for which pre-emphasis is set, is 
transmitted on a transmission line, the variance of 
the OSNR of a receive light spectrum 2, which 
corresponds to the transmit light spectrum 2, is 

15 reduced. 

Fig. 3 shows the configuration of a transmitter 
of the prior art. Fig. 4 shows the configuration of 
a receiver of the prior art. 

First, operations of the transmitter, which has 

20 a configuration as shown in Fig. 3, are explained 
below. 

The transmitter has, for each wavelength, a laser 
diode driver (LD DRIVER) 1201, a laser diode (LD) 
1202, an attenuator (ATT) 1203, a coupler (CPL) 1204, 
25 a post amplifier (POST AMP) 1205, and a photodiode 
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(PD) 1208. The laser diode driver 1201 drives the 
laser diode 1202, while adjusting the output power and 
wavelength corresponding to each optical signal . The 
optical signal outputted from the laser diode 1202 is 
5 inputted to the post amplifier 1205 via the attenuator 

1203 and the coupler 1204, and the optical signal is 
amplified in the post amplifier 1205. The optical 
signals, each of which is outputted from the post 
amplifier 1205, are multiplexed by an arrayed 

10 waveguide grating (AWG) 1206, and the multiplexed 
optical signal is outputted to a transmission line via 
a coupler 1207. 

In the configuration shown in Fig. 3, the coupler 

1204 branches part of each optical signal to the 
15 photodiode 1208, resulting in part of the optical 

signal being detected by the photodiode 1208. The 
detection results are inputted to a CPU 1210. 
Meanwhile, part of the transmitted optical signal, 
which is outputted from the AWG 1206 to a transmission 

20 line, is branched and inputted to an optical spectrum 
analyzer 1209 by the coupler 1207. The optical 
spectrum analyzer 1209 monitors the peak power and 
wavelength of the transmitted optical signal, and 
notifies the CPU 1210 of the results. The CPU 1210 

25 controls the laser diode driver 1201 and attenuator 



1203 based on the output from the photodiode 1207 and 
optical spectrum analyzer 1209, for each optical 
signal . 

Next, operations of the receiver, which has a 
configuration as shown in Fig. 4, are explained 
below . 

At the receiver, an optical signal received 
through a transmission line is inputted via a coupler 
1301 to an AWG 1302, where the optical signal is 
demultiplexed into optical signals of various 
wavelengths . 

The receiver has, for each wavelength, a filter 
1303 for separating an optical signal of a specific 
wavelength, an inline amplifier (INLINE AMP) 1304, a 
dispersion compensating fiber (DCF) 1305, an optical- 
electrical converter (0/E) 1306, a forward error 
corrector (FEC) 1307, and an electric-signal 
demultiplexer (DEMUX) 1308. 

In the configuration according to the prior art, 
as shown in Fig. 4, the coupler 1301 branches part of 
a received optical signal into an optical spectrum 
analyzer 1309. The optical spectrum analyzer 1309 
measures the 0SNR for each optical signal received, 
and notifies a CPU 1310 of the results. The CPU 1310 
feeds back the OSNR differences between optical 



signals received, as a pre-emphasis value, to the 
transmitting end by using a prescribed communications 
line. 

However, in the transmitter, which has a 
configuration as shown in Fig. 3, the CPU 1210 
receives the above-mentioned pre-emphasis value, and 
controls the laser diode driver 1201 for each optical 
signal, based on the pre-emphasis value. 

As stated above, the prior art is aware of an 
OSNR so as to optimize transmission characteristics, 
and makes uniform only an OSNR used for all optical 
signals. Usually, the most important factor of the 
transmission characteristics in digital transmission 
is a transmission error rate. Therefore, it is 
important to make uniform a transmission error rate 
for all optical signals in the optimization of 
transmission characteristics. However, in the prior 
art, even if an OSNR is made uniform for all optical 
signals, the transmission error rate is not 
necessarily made uniform for all optical signals. 

Thus, with respect to a transmission error rate, 
the examples of which are a BER and a Q- value, the 
prior art has a problem, as shown in Fig. 5A, in that 
even if the OSNR is made uniform for optical signals 
1, 2 and 3, the transmission error rate does not 
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become uniform because of the difference of Q- values 
of the optical signals , 

Furthermore/ in the prior art, to set pre- 
emphasis at the transmitting end, the CPU 1210 
5 directly changes the output power of the laser diode 
1202 by controlling the laser diode driver 1201, for 
each optical signal. However, this method has a 
problem in that the setting of pre-emphasis for each 
optical signal must be repeated, while maintaining the 
10 power balance of optical signals, because the peak 
power of the other optical signals simultaneously 
change, resulting in the set value of pre-emphasis for 
each optical signal deviating from a proper value. 

15 Summary of the Invention 

In view of the above background, the present 
invention aims at achieving real optimization of 
transmission characteristics, by making uniform a 
transmission error rate for all optical signals at the 

20 receiving end, based on the adjustment of an OSNR at 
the transmitting end. 

The present invention supposes an apparatus or 
method for making uniform transmission characteristics 
in the wavelength division multiplexing optical 

25 communications system. 
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The apparatus according to a first aspect of the 
present invention has the following configuration. 

First, the relation between changes in a signal- 
to-noise ratio and changes in a transmission error 
rate at the receiving end is calculated for each 
optical signal to be wavelength-division-multiplexed. 

Next, based on the relation, the signal-to-noise 
ratio for each optical signal is changed so as to 
attain a uniform transmission error rate for all 
optical signals at the receiving end. 

The apparatus according to a second aspect of the 
present invention has the following configuration. 

First, for each optical signal to be wavelength- 
division-multiplexed, the difference between a 
reference value, which is the value of a signal-to- 
noise ratio corresponding to the target lower limit 
of a transmission error rate at the receiving end, and 
the value of a current signal-to-noise ratio is 
calculated as a margin. 

Next, for each optical signal, a signal-to-noise 
ratio is controlled so that the margin of the signal- 
to-noise ratio becomes equal to a prescribed value 
which is obtained from the margins calculated for the 
optical signals. 

The apparatus according to a third aspect of the 
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present invention has the following configuration. 

First, the initial value of a signal-to-noise 
ratio is stored for each optical signal to be 
wavelength-division-multiplexed . 
5 Next, for each optical signal, an amplified 

spontaneous emission - noise is superposed on the 
optical signal so as to gradually reduce the signal- 
to-noise ratio until a transmission error rate at the 
receiving end decreases to a target lower limit. 

10 When the transmission error rate at the receiving 

end decreases to the target lower limit, the value of 
the corresponding signal-to-noise ratio is stored as 
a target lower limit, for each optical signal. 

Subsequently, for each optical signal, the 

15 difference between the stored initial value and the 
stored target lower limit is calculated as a margin. 

Next, for each optical signal, the difference 
between a prescribed value which is obtained from the 
margins calculated for the optical signals, and the 

20 stored initial value is calculated as the pre-emphasis 
amount of the signal-to-noise ratio corresponding to 
the optical signal . 

Then, for each optical signal, the signal-to- 
noise ratio is controlled by superposing an amplified 

25 spontaneous emission noise corresponding to the pre- 
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emphasis amount on the optical signal. 

Here, the above-mentioned superposition of the 
amplified spontaneous emission noise on the optical 
signal is conducted at the transmitting end. 
Alternatively, it is possible to provide the apparatus 
with a configuration in which the above-mentioned 
superposition is conducted at the receiving end. 

In the above-mentioned configuration of the 
invention, the prescribed value, which is obtained 
from the margins for optical signals, can be the 
average of the margins for the optical signals. 

In the above-mentioned configuration of the 
invention, either a Q-value or a bit error rate can 
be used as a transmission error rate. 

According to the above-mentioned configurations 
of the invention, it is possible to achieve real 
optimization of transmission characteristics, because 
the relation between changes in a signal-to-noise 
ratio and changes in a transmission error rate at the 
receiving end is calculated for each optical signal 
so as to optimize transmission characteristics, and 
based on the calculation results, the signal-to-noise 
ratio for each optical signal is changed so as to make 
uniform a transmission error rate for all optical 
signals at the receiving end. 



Brief Description of Drawings 

From the accompanying drawings and -the 
description of the preferred embodiments of the 
present invention, the other objects or 
characteristics of the present invention can be easily 
understood by persons having ordinary skill in the 
art. 

Fig. 1 is a diagram showing the causes of 
deterioration in transmission characteristics; 

Fig. 2 shows the relation between pre-emphasis 
and a SNR after transmission in the prior art; 

Fig. 3 shows the configuration of a transmitter 
in the prior art; 

Fig. 4 shows the configuration of a receiver in 
the prior art; 

Fig. 5A shows the relation between a Q-value 
(transmission characteristics) and an OSNR in the 
prior art; 

Fig. 5B shows the relation between a Q-value 
(transmission characteristics) and an OSNR according 
to a preferred embodiment of the present invention; 

Fig. 6 shows the configuration of a transmitter 
according to a preferred embodiment of the present 
invention; 

Fig. 7 shows the configuration of a receiver 



12 

according to a preferred embodiment: of the present 
invention; 

Fig. 8 is a flowchart showing the operations 
according to a preferred embodiment of the present 
5 invention; 

Figs. 9A and 9B show the variable range of an 
OSNR at the transmitting end; 

Fig. 10 shows the pre-emphasis value of an 
optical signal at the transmitting end; 
10 Fig. 11 shows the setting of pre-emphasis for an 

optical signal at the transmitting end; 

Fig. 12 shows the configuration of a receiver 
according to another preferred embodiment of the 
present invention (the setting of pre-emphasis at the 
15 receiver); 

Fig. 13 shows the relation between an eye-pattern 
and a noise distribution; and 

Fig. 14 shows an error rate in the case of a 
variable discrimination level. 

20 

Description of the Preferred Embodiments 

With reference to the drawings, detailed 
explanations of each preferred embodiment of the 
present invention are given below. 
25 Figs. 6 and 7 show the configuration of a 
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transmitter and a receiver, respectively, according 
to a preferred embodiment of the present invention. 

Fig. 6 shows a laser diode driver 101, a laser 
diode 102, a coupler 103, a post amplifier 107, an AWG 
5 109, a photodiode 110, a coupler 111, and an optical 
spectrum analyzer 112, which have the same functions 
as the matching components of the prior art, 1201, 
1202, 1204, 1205, 1206, 1208, 1207, and 1209, 
respectively, as shown in Fig. 3. 

10 Fig. 7 shows a coupler 201, an AWG 202, a filter 

203, an inline amplifier 204, a dispersion 
compensating fiber 205, an optical-electrical 
converter 207, a forward error corrector 208, an 
electric-signal demultiplexer 209, and an optical 

15 spectrum analyzer 213, which have the same functions 
as the matching components of the prior art, 1301- 
1309, respectively, as shown in Fig. 4. 

It is clear, from Fig. 5B, that an ideal factor 
for transmission characteristics, such as a Q-value 

20 and a BER, changes as an OSNR changes, for each 
optical signal. This preferred embodiment includes the 
following features, which are the characteristics of 
the present invention: the relation between changes 
in an OSNR and changes in a Q-value or BER at the 

25 receiving end is calculated based on the relation as 



shown in Fig. 5B, so as to optimize transmission 
characteristics for each optical signal; and based on 
the calculation results, the OSNR for each optical 
signal is changed so as to make uniform the Q-value 
or BER for all optical signals at the receiving end. 

More specifically, in this preferred embodiment, 
which has the configuration as shown in Figs, 6 and 
7, the difference between a reference value, which is 
the value of an OSNR at the transmitting end that 
corresponds to the target lower limit of a Q-value or 
BER at the receiving end, and the value of a current 
OSNR at the transmitting end is calculated as a margin 
for each optical signal. Then, the average of the 
margins for all optical signals are calculated, and 
pre -emphasis for the OSNR at the transmitting end is 
set for each optical signal so that the margin of the 
OSNR for each optical signal equals the average value. 
Note that in this process for controlling the OSNR for 
each optical signal, the amount of change in a Q-value 
or BER at the receiving end, per unit amount of change 
in an OSNR at the transmitting end, is assumed to be 
approximately uniform. 

In the case of the measurement of a Q-value at 
the receiving end, part of each optical signal 
received, which is separated by the coupler 206 as 



15 

shown in Fig. 7 , is inputted to a Q monitor (Q MON) 
210, and is measured there. 

In the case of the measurement of a BER at the 
receiving end, the output from the forward error 
5 corrector 208, as shown in Fig. 7, is inputted to a 
BER measuring unit 211, and is measured there. 

In setting pre-emphasis at the transmitting end, 
as shown in Fig. 6, the output from the laser diode 
102 assigned to each optical signal and an amplified 

10 spontaneous emission noise (ASE), outputted from an 
ASE output unit 104, are multiplexed at a coupler 106, 
and the output power of the amplified spontaneous 
emission noise is changed by an attenuator 105. In 
this case, the multiplexed optical signal is amplified 

15 by the post amplifier 107, and then inputted to the 
AWG 109 via a narrow-band filter 108. Therefore, pre- 
emphasis can be set for all optical signals 
simultaneously, without losing the balance of power 
between the optical signals. 

20 An explanation of specific operations required 

for performing the above procedure is given below. 

First, the premise of the above function is 
explained. 

It is difficult to measure an 0SNR at the stage 
25 following to the narrow-band filter 108, since the 



measurement point of an amplified spontaneous emission 
noise cannot be set easily. Therefore, the OSNR for 
each optical signal is measured at the stage preceding 
the narrow-band filter 108. 

The power and wavelength of the output from the 
laser diode 102 is monitored by the photodiode 110. 
Based on the monitoring results, a CPU 113 corrects 
the set value of the above-mentioned output power and 
wavelength, by performing a feedback to the laser 
diode driver 101 • The output power of the amplified 
spontaneous emission noise outputted from the ASE 
output unit 104 is maintained so it is constant by an 
APC ( automatic power control ) , and the wavelength 
characteristics of the amplified spontaneous emission 
noise are flat. Then, the CPU 113 calculates and 
stores the initial value of an OSNR, Eai, which is the 
ratio of the output power from the laser diode 102 
that is detected by the photodiode 110 to the output 
power of an amplified spontaneous emission noise that 
is determined by the APC in the ASE output unit 104. 
In addition, the CPU 113 calculates the amount of 
change in an OSNR, as the amount of adjustment to be 
conducted by the attenuator 105. 

Fig. 8 is a flowchart showing operations for 
achieving the above-mentioned function according to 



the preferred embodiment of the present invention, and 
Figs. 9A/B-11 are explanatory diagrams thereof. Note 
that the case in which a Q-value is monitored at the 
receiving end is assumed in the following 
5 explanations. 

First, as a CPU 212 of the receiver (Fig. 7) 
continuously monitors a Q-value for each optical 
signal via the Q monitor 210 (Fig. 7), the CPU 212 
orders the transmitter to reduce an OSNR, by using a 

10 prescribed communications channel (step 301). 

When receiving the above order, the CPU 113 of 
the transmitter (Fig. 6) reduces the OSNR for each 
optical signal by directing the attenuator 105 to 
increase the amount of attenuation (step 302). 

15 The CPU 212 of the receiver determines, for each 

optical signal, whether the Q-value measured via the 
Q monitor 210 has decreased to the target lower limit 
(see Fig. 9B)(step 303). 

If NO is determined in step 303, the CPU 212 of 

20 the receiver repeats the operations in steps 301 and 
302 for each optical signal. 

As stated above/ the OSNR is reduced for each 
optical signal by gradually increasing an amplified 
spontaneous emission noise (ASE) to be superposed on 

25 the optical signal at the transmitting end, as shown 
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in Fig. 9A, until the BER or Q-value at the receiving 
end decreases to the target lower limit, as shown in 
Fig. 9B. 

If YES is determined in step 303, the CPU 212 of 
5 the receiver orders the transmitter, by using the 
prescribed communications channel, to stop changing 
the OSNR, and restores the value of the OSNR to its 
initial value for each optical signal ( step 304 ) . 

In response, the CPU 113 of the transmitter 
10 executes a series of processes as follows ( step 305 ) . 

First, when receiving the above-mentioned order, 
the CPU 113 stops the OSNR changing at a current value 
Ebi for each optical signal, and calculates the amount 
of change in an OSNR, Ei, as a margin, according to 
15 the following equation: 
[Equation 1] 

E i = |E al " E bl | 



Next, after completing the calculation of the 
margin of the OSNR for each optical signal according 
20 to Equation 1, the CPU 113 calculates an average Eavc 
of the margins for all optical signals according to 
the following equation: 
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[Equation 2] 



e avg = (E x + E 2 - + E n ) 

(n : the number of optical signals) 



Subsequently, for each optical signal, the CPU 
113 calculates a pre-emphasis value aEi ~ AEn, as 
5 given by the following equations, which is the 
difference between the average Eavg, as calculated 
according to Equation 2, and the margin of the OSNR 
for each optical signal, as calculated according to 
Equation 1 (see Fig. 10): 
10 [Equation 3] 

AE l = E AVG " E al 
AE 2 = E AVG ~ E a2 

AE n = E AVG " E an 



The CPU 113 controls the OSNR for each optical 
signal so that the OSNR equals the average Eavg, by 
setting, for each optical signal, an amount of 
15 attenuation to be performed by the attenuator 105 that 
corresponds to the pre-emphasis amount aEi ~ AEn as 
calculated according to Equation 3 (see Fig. 11). 

Thereafter, the CPU 113 executes feedback control 
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by monitoring the output from the optical spectrum 
analyzer 112 (Fig. 6) so that the OSNR for each 
optical signal is exactly equal to Eavg (step 306). 

The above-mentioned operations can be executed 
5 any time during systems operation. Since the target 
lower limit of the Q-value for each optical signal is 
set at a level which enables each optical signal to 
be transmitted without difficulty, none of the signals 
is interrupted even if the above operations are 

10 executed during systems operation. Therefore, pre- 
emphasis can be set according to customer demand, 
thereby allowing various operation forms, in which the 
setting of pre-emphasis is conducted, for example, 
regularly once a year, after repairs in the case of 

15 a problem with the system, and so on. 

Fig. 12 shows the configuration of a receiver 
according to another preferred embodiment of the 
present invention . 

In this configuration, the control of an OSNR is 

20 executed not within a transmitter but within the 
receiver, since each function, corresponding to 104- 
106 and 108 of the transmitter according to the 
preferred embodiment as shown in Fig. 6, is located 
in the receiver as shown in Fig. 12. 

25 In this case, the OSNR for each optical signal 
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is measured by the optical spectrum analyzer 213, to 
which the output from the coupler 201 is inputted, and 
the peak power of each optical signal is measured by 
a photodiode 702, to which the output from the coupler 
5 701 is inputted. Based on the measured OSNR and peak 
power, the CPU 212 determines the amount of 
attenuation required by the attenuator 105 (a pre- 
emphasis value), and adjusts the OSNR for each optical 
signal . 

10 The explanation of the operation principle of the 

Q monitor 210, as shown in Fig. 7 or 12, is given 
below. 

After converting an optical signal into an 
electric signal, the Q monitor 210 measures the 

15 distribution of a noise by changing the distinguished 
value of a signal at each of the mark side and the 
space side on a eye-pattern, and measures an error 
rate at each of the mark side and the space side. 
Then the Q monitor 210 approximates each of two error 

20 rate curves, obtained as a result of the measurement, 
to a line, and calculates a Q-value by obtaining the 
intersection point of the two lines representing 
characteristics . 

The relation between the eye-pattern and noise 

25 distribution of a signal can be shown by a model as 
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shown in Fig. 13, wherein: Pi(X) and Po(X) is a noise 
probability distribution function at the mark side and 
space side, respectively; tti and tto are the mean 
values of each probability distribution, and represent 
5 a signal level; and 0 1 and Oo are the variances of 
each probability distribution, and represent the RMS 
value of a noise. 

Here, a Q- value is given by the following 
equations : 
10 [Equation 4] 

q = l^i " Pol 
(o Q + <7i) 

Next, the method for measuring tti, tto, (Jo, and 
O i is explained below. 

The correlation between the BER at the mark side, 
15 and Mi, <7 1 and Di ( a discrimination level) is given by 
the following approximation equation: 
[Equation 5] 
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-i i— =4> _:L (X) = 1.192 - 0.6681X - 0.0162X 2 

°i 

X = LOG 10 (BER) 



Likewise, the following equation is valid for the 
space side : 
[Equation 6] 



(JrMX) = 1.192 - 0.6681X - 0.0-16 2X- 



X = LOG 10 (BER) 



The values of BERo ' , BERo ' 1 , BERi 1 , BERi ? 1 , Do 1 , 
Do' 1 , Di f , and Di lf are obtained, after a BER is 
obtained at two points on each of the mark side and 
the space side by changing a discrimination level as 
shown in Fig. 14, From these obtained values, tio, 

Go, and Oi can be calculated as shown by the 
following equation: 



[Equation 7] 
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o, = 



O n = 



^0 = 



{ i^V 1 (x() - mVM^)} 
(TU/) - 4)" 1 (*")} 



(JX)' - D 0 ") 



{ D 0 "^ (X 0 ') - Dfo-i {x{') } 



From these calculation results and Equation 
a Q-value can be calculated. 
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CLAIMS: 

1 . An apparatus for making transmission 
characteristics uniform in a wavelength division 

5 multiplexing optical communications system, 
comprising: 

relation calculating means (113) for calculating 
a relation between changes in a signal-to-noise ratio 
and changes in a transmission error rate (at a 

10 receiving end, for each optical signal to be 
wavelength-division-multiplexed ; and 

signal-to-noise ratio changing means (113) for 
changing the signal-to-noise ratio for each optical 
signal so as to make the transmission error rate 

15 uniform at the receiving end for the optical signals, 
based on the relation. 

2. The apparatus according to claim 1, wherein 
said transmission error rate is either a Q-value 

20 or bit error rate. 

3. A method for making transmission 
characteristics uniform in a wavelength division 
multiplexing optical communications system, comprising 

25 the steps of: 
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calculating a relation between changes in a 
signal-to-noise ratio and changes in a transmission 
error rate at a receiving end, for each optical signal 
to be wavelength-division-multiplexed; and 
5 changing the signal-to-noise ratio for each 

optical signal so as to make the transmission error 
rate uniform at the receiving end for the optical 
signals, based on the relation. 

10 4. The method according to claim 3, wherein 

said transmission error rate is either a Q-value 
or bit error rate. 

5 . An apparatus for making transmission 

15 characteristics uniform in a wavelength division 
multiplexing optical communications system, 
comprising: 

margin calculating means (113) for calculating 
a difference between a reference value and a value of 

20 a current signal-to-noise ratio as a margin for each 
optical signal to be wavelength-division-multiplexed, 
the reference value being a value of a signal-to-noise 
ratio corresponding to a target lower limit of a 
transmission error rate at a receiving end; and 

25 signal-to-noise ratio control means (113) for 
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controlling the signal-to-noise ratio for each optical 
signal so as to keep the signal-to-noise ratio at a 
prescribed value which is determined by the margins 
calculated by the margin calculating means for the 
optical signals . 

6. - The apparatus according to claim 5, wherein 
said prescribed value which is determined by the 

margins calculated for the optical signals is an 
average of the margins calculated for the optical 
signals. 

7. The apparatus according to claim 5, wherein 
said transmission error rate is either a Q-value 

or bit error rate. 

8. A method for making transmission 
characteristics uniform in a wavelength division 
multiplexing optical communications system, comprising 
the. steps of : 

calculating a difference between a reference 
value and a value of a current signal-to-noise ratio 
as a margin for each optical signal to be wavelength- 
division-multiplexed, the reference value being a 
value of a signal-to-noise ratio corresponding to a 
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■target lower limit of a transmission error rate at a 
receiving end; and 

controlling the signal-to-noise ratio for each 
optical signal so as to keep the signal-to-noise ratio 
5 at a prescribed value which is determined by the 
margins calculated for the optical signals. 

9. The method according to claim 8, wherein 
said prescribed value which is determined by the 

10 margins calculated for the optical signals is an 
average of the margins calculated for the optical 
signals. 

10. The method according to claim 8, wherein 
15 said transmission error rate is either a Q- value 

or bit error rate. 

11. An apparatus for making transmission 
characteristics uniform in a wavelength division 

20 multiplexing optical communications system, 
comprising: 

first storing means for storing an initial value 
of a signal-to-noise ratio for each optical signal to 
be wavelength-division-multiplexed ; 
25 signal-to-noise ratio reducing means for 
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gradually reducing "the signal-to-noise ratio for each 
optical signal by superposing an amplified spontaneous 
emission noise on the optical signal until a 
transmission error rate at a receiving end decreases 
5 to a target lower limit; 

second storing means for storing a value of the 
signal-to-noise ratio at a time at which the 
transmission error rate at the receiving end decreases 
to the target lower limit, the value of the signal-to- 

10 noise ratio being stored as a target lower limit for 
each optical signal; 

margin calculating means for calculating an 
amount of a change from the initial value stored in 
the first storing means to the target lower limit 

15 stored in the second storing means, the amount of the 
change being calculated as a margin for each optical 
signal; 

pre-emphasis value calculating means for 
calculating a difference between a prescribed value 

20 which is determined by the margins calculated by the 
margin calculating means for the optical signals and 
the initial value stored in the first storing means, 
the difference being calculated as a pre-emphasis 
value of the signal-to-noise ratio for each optical 

25 signal; and 
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signal-to-noise ratio control means for 
controlling the signal-to-noise ratio for each optical 
signal by superposing an amplified spontaneous 
emission noise corresponding to the pre-emphasis value 
on the optical signal, 

12. The apparatus according to claim 11, 
wherein 

said superposition of the amplified spontaneous 
emission noise on the optical signal is conducted at 
a transmitting end. 

13. The apparatus according to claim 11, 
wherein 

said superposition of the amplified spontaneous 
emission noise on the optical signal is conducted at 
the receiving end. 

14. The apparatus according to claim 11, 
wherein 

said prescribed value which is determined by the 
margins calculated for the optical signals is an 
average of the margins calculated for the optical 
signals . 
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15, The apparatus according to claim 11, 
wherein 

said transmission error rate is either a Q-value 
or bit error rate. 

5 

16. A method for making transmission 
characteristics uniform in a wavelength division 
multiplexing optical communications system, comprising 
the steps of : 

10 storing an initial value of a signal-to-noise 

ratio for each optical signal to be wavelength- 
division-multiplexed ; 

gradually reducing the signal-to-noise ratio for 
each optical signal by superposing an amplified 

15 spontaneous emission noise on the optical signal until 
a transmission error rate at a receiving end decreases 
to a target lower limit; 

storing a value of the signal-to-noise ratio at 
a time at which the transmission error rate at the 

20 receiving end decreases to the target lower limit, the 
value of the signal-to-noise ratio being stored as a 
target lower limit for each optical signal; 

calculating an amount of a change from the stored 
initial value to the stored target lower limit as a 

25 margin for each optical signal; 
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calculating a difference between a prescribed 
value which is determined by the margins calculated 
for the optical signals and the stored initial value, 
the difference being calculated as a pre-emphasis 
5 value of the signal-to-noise ratio for each optical 
signal; and 

controlling the signal-to-noise ratio for each 
optical signal by superposing an amplified spontaneous 
emission noise corresponding to the pre-emphasis value 
10 on the optical signal, 

17. The method according to claim 16, wherein 
said superposition of the amplified spontaneous 

emission noise on the optical signal is conducted at 
15 a transmitting end, 

18. The method according to claim 16, wherein 
said superposition of the amplified spontaneous 

emission noise on the optical signal is conducted at 
20 the receiving end. 

19. The method according to claim 16, wherein 
said prescribed value which is determined by the 

margins calculated for the optical signals is an 
25 average of the margins calculated for the optical 
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signals . 

20. The method according to claim 16, wherein 
said transmission error rate is either a Q-value 
5 or bit error rate. 
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ABSTRACT 

AN APPARATUS AND METHOD FOR MAKING TRANSMISSION 
CHARACTERISTICS UNIFORM IN A WAVELENGTH DIVISION 
5 MULTIPLEXING OPTICAL COMMUNICATIONS SYSTEM 

In setting pre-emphasis at the transmitting end, 
each optical signal outputted from a laser diode and 
an amplified spontaneous emission noise outputted from 

10 an ASE output unit are multiplexed at a coupler, and 
the output power of the amplified spontaneous emission 
noise, at that time, is changed by an attenuator. In 
this case, the difference between a reference value, 
which is the value of an OSNR corresponding to the 

15 target lower limit of a Q-value at the receiving end, 
and the value of a current OSNR is calculated as a 
margin. Then, the attenuator is controlled so that 
the margin of an OSNR becomes equal to the average of 
the margins for all optical signals. 
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OBTAIN MARGIN OF Q-VALUE TO TARGET VALUE 
FOR EACH OPTICAL SIGNAL 
(CAN BE SET SEPARATELY FOR EACH WAVE) 
1. ORDER SENDING STATION TO REDUCE OSNR 
2. CONTINUOUSLY MONITOR Q-VALUE AT RECEIVING STATION 
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OBTAIN MARGIN OF Q-VALUE TO TARGET VALUE 
FOR EACH OPTICAL SIGNAL 
(CAN BE SET SEPARATELY FOR EACH WAVE) 
1. REDUCE OSNR BY INCREASING ATT AMOUNT 
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RECEIVING 
STATION 
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SENDING 
STATION 



No 




RECEIVING 
STATION 



ORDER SENDING STATION TO STOP CHANGING OSNR AND 
RESTORE OSNR TO ITS INITIAL VALUE 
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RECEIVING 
STATION 



STOP CHANGING OSNR AND RESTORE OSNR 
TO ITS INITIAL VALUE 
OBTAIN PRE-EMPHASIS VALUE 
1. OBTAIN AVERAGE AMOUNT OF CHANGE 
IN OSNR OF ALL OPTICAL SIGNALS 
PRE-EMPHASIS VALUE = AVERAGE - INITIAL VALUE 







SETTING OF PRE-EMPHASIS VALUE 
CHECK OSNR WITH SPECTRUM ANALYZER AT SENDING STATION 
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